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Theinfluence of an extratropical cyclone on the first generation of
Mythimna separata (Walker) migration: A case study in 2015
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Abstract [Objectives] To investigate the degree to which the migration of first generation armyworm, Mythimna separata,
populations are affected by the extraordinary wind fields generated by frequent extratropical cyclones in the period from
mid-May to mid-June in China. Determining how extratropical cyclones influence the migration of first generation armyworms
is an important prerequisite for predicting outbreaks of the second generation. [Methods] High altitude light traps and
elaborate wind-temperature field data (simulated by a WRF model) were used to monitor the population dynamics of first
generation armyworm moths flying past Jiangyan, Jin’an and Ningjin (in Jiangsu, Anhui and Shangdong Provinces,
respectively) and determine how extratropical cyclones affected the migration in 2015. [Results] Owing to the high
frequency of anticyclones in East Asia in May, 2015, first generation armyworms mainly migrated southwest and southeast. A
northeast cyclonic vortex and Mongolian cyclone in early June, 2015 may have been responsible for outbreaks of first
generation armyworms in northeast China that caused significant damage to crop production there. [Conclusion]
Extratropical cyclones are an important cause of large-scale outbreaks of second generation armyworms in China at the end of
spring and the beginning of summer.
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Tablel The scheme and parameters of WRF model
Item Value R ggplot2
Location 36°N  115°E Grads
The number of grid points 80%80 ArcGIS 10.0
Distance between grid points 30 km
5 2 HREHH
Map projection Lambert
Microphysics scheme WSM3 21 2015 FE—KEHRTHLHR
Longwave radiation scheme RRTM 2015 > 6
Shortwave radiation scheme Dudhia
Surface layer scheme  Monin-Obukhov 5 15
Land/water surface scheme Noah 6 20
4 438 4770
Planetary boundary layer scheme Ysu 6 7
Kain-Fritsch 9d 1879 5
Cumulus parameterization (new Eta) 6
Forecast time 72 h ’
Fortran
2013 2014a 5 6
1
3~5 1999 6 10
5 2
5
1 5 6
4:00
2 3 4 5 2015 5 15 6 15
20:00 30°N
4:00 3 4 mm 2
200~800 m 5 6
15° 6 12
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Fig. 1 Population dynamics of armyworm in Jiangyan (JY), Jin'an (JA) and Ningjin (NJ) in May and
June, 2015 (right) and location of trap sites (left)
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Fig. 3 Theendpointsdistribution of the forward trajectories of the 1st generation armyworm (A, C, E) and
latitudinal trends (B, D, F) starting from Jin’an (JA), Jiangyan (JY) and Ningjin (NJ) during May 15 to June 15, 2015
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Fig. 5 Frequency of wind direction and speed at 950 hPa during the nighttime and early morning in Jin’an (left)
and Jiangyan (right) from May 15 to June 6, 2015

Z0) s e
A WS

=S

A\
\\\(

\
j
l

r/}

X
SN 4

,///,f\\\.\& \‘\ [
97 e SO\
alo) S RS oz
108°E  112°E  116°E  120°E  124°E 128°E  108°E 112°E 116°E  120°E 124°E  128°E

I | [ e

8 12 16 20
K Wind speed (m/s)

6 2015 5H20H (A) #1521 H (B) 20:00 figFAXE (BAED
Fig. 6 Thestreamline and isotach of horizontal wind field (shaded) at 20:00 on May 20, 2015 (A) and May 21, 2015 (B)

JY- Jiangyan JA- Jin’an. 11 The same as Fig.11.

2015 5 19 5
5 20 20:00 5 5
4 B 950 hPa 21 20:00 4 B
10 m/s 6 A 950 hPa
6 B



6 : 2015 - 1341 -

40°N

35°N

30°N

Ay ! ol ! L L H - !
110°E 115°E 120°E 125°E 110°E 115°E 120°E 125°E
* JiHERE 55 Start location ® 2 1075 5 First night endpoint A 252/ 7% 55 Second night endpoint
W 2531 7% /5 Third night endpoint X 5548%7% s Fourth night endpoint %55 58%% /5 Fifth night endpoint

7 2015%5H20H (A) 1521 H (B) RWER (JA) FUIHEE (JY) Mt BT HHUE
Fig. 7 Forward trajectories of armyworm moths from Jin’an (JA) and Jiangyan (JY) on May 20 (A)
and May 21 (B) in 2015

7 1
_////.///\\,fr\.t)‘\f‘f\\\\,x\f/

,f//// /\\rfu‘,.l\r\‘\\\\‘l.—',

;\I//.rV/_\‘..-,..\\\\\.\\”,.I

w
W
36°N

34°N

LNV ..-.‘.\\\\\.\\”,.\

!//_\&
LN\ ¢~

,.,/,_'\x RSN N .-\\/1,.\

LN r)..(r\ t, ,.—..—-‘\\\ tw h\j l‘, -~

32°N

AN ’/“’f"\ LPAPISIPRSRE L s N BN ._\11,,\

30°N

7‘\\ //'.V_\"/"/'*‘\t‘h‘\ll*\

2015 5 15 5

o= //_.yl_\\‘.//,‘..\\\f.‘.[ Ty =~

31 30°N - 35°N 16-May  20-May  24-May  28-May
> H# (H-A ) Date (day-month)
5 — X Wind speed (10 m/s)
16 5 21 5 31
. & 8 2015 £ 950 hPa &5 & R B 8]-4: £ X155 mE &
(B 115°E & 122°E S5E)
S A= g s nE, Fig. 8 Time-latitude profiles of wind fields at 950 hPa
2.3 I SHEXH BT C R R in 2015 (along 115°E to 122°E)
2015 6 10
9 B
2 000 2014 5 6 20156
2014 2015 6 30°N  40°N
2015 6 10 A 6
2014 2014 6 116
8 36°N  38°N 5 8
9

A 2015 6 10 B 1T A



- 1342 - Chinese Journal of Applied Entomology 53

T [ Aﬁc‘_,‘,¥ e o PRI Ny, + T N 7/'/’//' . " A TTTTA7A 22T 27
%\”T" _;/‘\V\t/l ”L:"’ n//'»[///'/?&, ”,,-f//J ,g,fJ é:‘//.ﬁ—x),\/\\‘”.a//’//fz T///'A"/'l,n‘\f;%
m7 .y at /,'.)(',” et f/'//'}///'/ ye f/// //,//,f#;, /‘/f)‘/«/ Tﬁ//ﬁ\,f/ﬁf <

N M e i 1 NG LY IA
OZ_/, \\} A, e ol Shat e / 7/ NG mu/‘x’rl//‘\ X A, ,
;_///,,1- r( 711‘ //,A”//‘x':_* I/f/'/y. "/ .//' L. 7 N ”('40—//( \A‘NY\&. //T)“[/

Jer AN \1\./‘, AN \/r//7- .,/5 22, {/ 2K ~u AAMNG fm\j,
oZ/ ST \ P22 NSV TS '\/fn,y,/-//’{r///j A/ A AN rm\j,
A /v*‘ \\\ //N, -\\,\t\},u.,.\/’n\.w./;/ }/\\// LAl A b AN RN J

\ /vﬁ,n \\(\\\\/N; ;\\.\ \\\\ ...,'\Kk‘,\‘.‘//"\'\f/ P I L ’/‘\k\‘\‘ 3-._\(\
é\/w,n N N S IS ‘\x../)’f‘fe.&f/ e ;..._\(
m\ !\J,_“,\\\&,ﬂ,,u\ '\"\‘.\/«'- ot A D ean R )rh lr/_.é@\\},,\ \m\w :.,_\If
AN R C R N e e A '\/_\\.:»\\//_Q-\'\///
2, V..-./«-.._...,, \l\\\\t;,‘,)\._r\n\ v g XA ~. /)\HL \//.'«é/s..r,f/ \7‘.\1\‘%/} //T
W . NN W AN V. W A e f\-L/\// Liny oAl \r\T//)L/

05-June 15-June 25-June 05-June 15-June 25-June
H#i ( H-A ) Date (day-month)
— X3# Wind speed (10 m/s)

9 20144 (A) #0 2015 (B) £ 6 A 950 hPa & E ETE-L$ENIAHIEE G 115°E £ 122°E SEED
Fig. 9 Time-latitude profiles of wind fields at 950 hPa in 2014 (A) and 2015 (B) (along 115°E to 122°E)

10 C 6 9
11 105N 43<E
10 C 6
12 2:00 15

65°N

950 hPa 6 11
11 C D

6 13 14 2d
9d

45°N 55°N  65°N 35°N 45°N 55°N

35°N

12 A C
6 10

6 11
12 B D

35°N  45°N  55°N 65°N

3 igfitit

95°E 105°E 115°E 125°E135°E 145°E 155°E

10 20154 6 A EAF (A). 6 B 5H 20:00 (B)
#16 A 9 H 20:00 (C) 500 hPa 5 &%
Fig. 10 Average geopotential height contour in early
June (A) and daily geopotential height contour on
June 5 (B), June 9 (C) at 500 hPa in eastern
China at 20:00 in 2015 5

2015 5 6



2015

32°N  36°N

48°N  52°N

44°N

g | \\Q}\}?\\\ }“:E‘

e o
W= A
\K&tf BN
LR B

3 P AR N &\\\\\\\ ,‘\‘ :

(
AN L \:
YRS y/}" ‘

At "= ‘
W ’
4%;‘// ‘l J‘ ( 4/
i"’; A‘A z

7
72
i

AT :
!S 7 AR
by

» Z 4 AN
128°E 104°E
—=] ] I I

2 4 8 12 16 20
K Wind speed (m/s)

B 11 20155 6 A 5H 20:00 (A). 6 59 H 2:00 (B). 6 510 H 20:00 (C) # 6 A 11 H 20:00 (D)

950 hPa & E B iRiFfRIE (FAEED

Fig. 11 Thestreamline and isotach of horizontal wind field (shaded) at 20:00 on June 5 (A), 2:00 on

June 9 (B), 20:00 on 10 (C) and 20:00 on June 11 (D) in 2015

RES 2R S s, R TV DR AT (i 2R

i, FESLIUA AR T — AOR, B2 AT P R A

PEALTT FIIE Y, A EEEMUS TN JE 7 A 2R
6

1963 1964

1964



- 1344 - Chinese Journal of Applied Entomology 53

2012 2014
2014a 2014b

B -

45°N

40°N

35°N

40°N

35°N

115°E 120°E 125°E 115°E 120°E 125°E
* JITHERD 45 Start location @ 55 1% s First night endpoint A £527% r5 Second night endpoint
W 55307 f{ Third night endpoint X 554 7% s Fourth night endpoint % 55587 s Fifth night endpoint

B 12 201556 A 7HZ9H (A, C). 6 H1I0HZE 12 H (B, D) Fi& (NJ) FAZEIE JY) fRITHHE
Fig. 12 Forward trajectories of armyworm moths from Ningjin (NJ) and Jiangyan (JY) during
June 7toJune9 (A, C) and June 10 to June 12 (B, D) in 2015



2015 - 1345 -

NCEP/NCAR

S %3k (References)

Cai L, Jia YF, Wen Y, Zhang XG, Wang RL, Li T, Zhang YF, Chen
FJ, 2016. Study on the behavioral rhythms of migratory
population of rice planthoppers, Nilaparvata lugens, Sogatella
furcifera and Laodelphax striatellus, light-trapped by blacklamp.
Chinese Journal of Applied Entomology, 53(3): 604-611. [ s

R s s s s s . 2016.
, 53(3):
604-611.]

Chen RL, Bao XZ, Drake VA, Farrow RA, Wang SY, Sun YJ, Zhai
BP, 1989. Radar observations of the spring migration into
northeastern China of the oriental armyworm moth, Mythimna
separata, and other insects. Ecological Entomology, 14(2): 149— 162.

Chen RL, Sun YJ, Wang SY, Zhai BP, Bao XY, 1995. Migration of
the oriental armyworm, Mythimna separata in East Asia in
relation to weather and climate. I. Northeastern China // Drake VA,
Gatehouse AG (eds.). Insect Migration: Tracking Resources through
Space and Time. Cambridge: Cambridge University Press. 93—104.

Hu BH, Lin CS, 1983. Experiments on the flight activity of the
oriental armyworm moths, Mythimna separata (Walker). Acta
Ecologica Snica, 3(4): 367-373. [ N , 1983.

,3(4):367-373.]

Hu G, Wu QL, Wu XW, Jiang YY, Zeng J, Zhai BP, 2014a. Outbreak
mechanism of second generation armyworms in northeastern
China: A case study in 1978. Chinese Journal of Applied
Entomology, 51(4): 927-942. [ s S S S

s , 2014a. 1 1978
,51(4): 927-942.]

Hu G, Wu QL, Wu XW, Jiang YY, Zeng J, Zhai BP, 2014b. Outbreak
mechanism of second generation armyworms in northeastern
China: A case study in 1980. Chinese Journal of Applied
Entomology, 51(4): 943-957. [ s s s s

s , 2014b. : 1980
, 51(4): 943-957.]

Jiang YY, Li CG, Zeng J, Liu J, 2014. Population dynamics of the
armyworms in China: A review of the past 60 years’ research.
Chinese Journal of Applied Entomology, 51(4): 890—898. [

> , s ,2014. 1 60
, 51(4): 890—-898.]

Li GB, Wang HX, Hu WX, 1964. Route of the seasonal migration of
the oriental armyworm moth in the eastern part of China as
indicated by a three-year result of releasing and recapturing of
marked moths. Journal of Plant Protection, 3(2): 101-110. [

s , , 1964.
. ,3(2): 101-110.]
Lin CS, Sun JR, Chen RL, Zhang ZB, 1963. Study on the regularity

of the outbreak of the oriental armyworm, Leucania separata
Walker. 1. The early spring migration of the oriental armyworm
moths and its relation to winds. Acta Entomologica Snica, 12(3):
243-261. [ , , s , 1963.
(Leucania separata Walker) L

, 12(3): 243-261.]

Lin CS, Xia ZX, 1963. Study on the regularity of the outbreak of the
oriental armyworm, Leucania separata Walker. III. A discussion
of the relationship of migratory habit of the oriental armyworm
and the concurrent air movement and of its possible mode of
migration. Acta Scientiarum Naturalium Universitatis Pekinensis,
(3):291-308. [ s , 1963. I

(Leucania separata Walker)
( ), (3):
291-308.]

Lin CS, Zhang ZB, 1964. Study on the regularity of the outbreak of
the oriental armyworm, Leucania separata Walker. V. A model
for seasonal long-distance migration of the oriental armyworm.
Journal of Plant Protection, 3(2): 93—-100. [ s )
1964. V.

,3(2): 93-100.]

Lin CS, 1990. The Physiology and Ecology of the Oriental
Armyworm. Beijing: Peking University Press. 1-52. [ s
1990. : . 1-52]

Lu F, Zhai BP, Hu G, 2013. Trajectory analysis methods for insect
migration research. Journal of Applied Entomology, 50(3): 853—
862. [ s s , 2013.

. , 50(3): 853—862.]

Luo LZ, Jiang XF, Li KB, Hu Y, 1999. Influences of flight on
reproduction and longevity of the oriental armyworm, Mythimna
separata (Walker). Acta Entomologica Snica, 42(2): 150—158.
[ , s , , 1999.

,42(2): 150-158.]

Pan L, Wu XW, Chen X, Jiang YY, Zeng J, Zhai BP, 2014. Pied
piper effect of the migration arena in northeastern China on
Mythimna separata (Walker). Journal of Applied Entomology,
51(4): 974-986. [ , , s s > >
2014. Pied piper . R
51(4): 974-986.]

Zhang YH, Zhang Z, Jiang YY, Zeng J, Gao YB, Cheng DF, 2012.
Preliminary analysis of the outbreak of the third-generation
armyworm Mythimna separata in China in 2012. Plant
Protection, 38(5): 1-8. [ s s s S )

, 2012. 2012
,38(5): 1-8.]

Zhang ZT, Li GB, 1985. A study on the biological characteristics of
the flight of the oriental armyworm, Mythimna separata (Walker)
moth. Journal of Plant Protection, 12(2): 93—100. [ ,

, 1985. . R
12(2): 93-100.]



